Abstract: Two diode pumped Cr:LiSAF lasers are synchronized using a balanced nonlinear optical cross correlator. An integrated timing jitter of less than 156 as in the 10 kHz to 10 MHz range is measured.
shows the schematic of the timing jitter noise measurement using balanced optical cross correlation. Two home-built, diode pumped, saturable absorber mode-locked, 100 MHz Cr:LiSAF lasers provided about ~100-fs long ~1-nJ pulses around 850 nm. The output beams are combined using a half-wave plate (HWP) and a polarizing beam splitter cube (PBS). The combined laser output is sent to the first dichroic mirror of the cross correlator, which focuses the beams inside a 400 mm thick type-II phase matching optimized BBO crystal for 850nm. The second harmonic (SH) generated in the forward pass is transmitted through the second dichroic mirror and then directed to the first photodiode CTuDD6.pdf 978-1-55752-890-2/10/$26.00 ©2010 IEEE of the balanced detector (New Focus 2107-FS). The nonlinear crystal also provides group delay (T g~1 00 fs) between the orthogonal polarizations. The returning beams (at the fundamental) are focused back in to the nonlinear crystal, where the SH is generated and detected by the second photodiode of the balanced detector. The signal from the balanced detector is proportional to the timing delay between the two pulses. The cross correlator signal at low frequencies is also used as the error signal for the PLL, which synchronizes the lasers by actuating a small PZT in one of the lasers. Once the lasers are synchronized with the low-bandwidth PLL, the signal in the high frequency range is directly proportional to the relative timing jitter of the free running lasers, which is uncorrelated [4, 6] . ) show the jitter density measurement of laser 1 and 2 using a commercial signal source analyzer (Agilent E5052B) and using the 10 th harmonic at 1GHz. The result indicates an integrated timing jitter of ~10 fs from 10 kHz to 10 MHz, which is limited by the signal source analyzer. The measured noise level is orders of magnitude higher then the theoretically estimated noise level (curve (v)). Curve (iii) shows the measured timing jitter spectral density between both lasers using the balanced nonlinear optical cross correlator. Curve (iv) shows the background level for this measurement, which is dominated by the resonance around ~2.5 MHz that is due to the non-ideal frequency response of the balanced detector. The estimated theoretical jitter density level due to quantum noise for the Cr:LiSAF lasers is also plotted in Fig. 2 (curve (v) ), where the integrated timing jitter from 10 kHz to 10 MHz is about 1.3 as. The measured integrated timing jitter from 10 kHz to 10 MHz is 156 as. From the background measurement (iv), we can conclude, that only a few tens of attoseconds maybe due to the actual timing jitter of the laser in the range from 1-10 kHz. The rest of the measurement is due to the detector background. This measurement clearly demonstrates, that the quantum limited timing jitter of short pulse solid-state lasers beyond 10 kHz is in the sub-100 as and potentially even below 10 as. Further studies will focus on improving the sensitivity by optimizing the SH generation efficiency and by using an improved balanced detector to truly detect quantum limited performance.
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